Twenty-seven surface soil samples were collected from four landscape sites in Shanghai, and seven soil profile samples were gathered from the two older sites for evaluation of horizontal and vertical distribution of soil properties to reveal their relationship with plant roots. Results indicated that urban soil had significant heterogeneities. Soil total nitrogen was significantly correlated with organic matter and total potassium was more abundant than total phosphorus. The available contents of iron, manganese, zinc and copper were higher than the standards for plant growth established by Soltanpour. pH and electrical conductivity increased with increasing soil vertical depth, possibly due to leaching, while the nutrients limiting plant growth such as nitrogen, phosphorus, potassium, iron, copper and zinc had more shallow distributions due to absorption by plant roots. However, with the increasing of soil depth, contents of magnesium, sodium, sulfur and chloride increased due to leaching and bio-cycling, which was further shown by the correlation analysis.
Introduction
Urban soils are the basis of landscape planting and have a great effect on plant growth. Without desirable concentrations of appropriate nutrients, plant growth is adversely affected. Moreover, since urban landscape soils are generally recognized as being highly disturbed and heterogeneous, many soils have systematic patterns and obviously differ, even in the same area. Therefore, many studies have been conducted on the physical and chemical properties of urban green space soils in major cities of China [1] . Lu et al. claimed that urban green space soils in Shenzhen had characteristics of sandy loam and light loam soil texture, high bulk density, low porosity and low cation exchange capacity [2] . Soil in Hong Kong had poor structure and fertility [3] . Bian et al. showed that nutrients of urban park soils were highly heterogeneous in Shenyang [4] . Degradation of soil structure and nutrient deficiency in green spaces occurred in Chongqing [5] . However, these studies mainly focused on soil macro-nutrient elements. Micro-nutrients and secondary elements are normally required in minute quantities to ensure normal plant growth and formation of flowers because they are mostly associated with the enzymatic system of plants [6] . Furthermore, the total levels of nutrients are poor indicators of their actual bioavailability to plants. The available state of elements including macro-nutrient, secondary and micro-nutrient elements is a more valuable indicator to sustain and support plant growth.
There have been numerous studies on horizontal or vertical distribution of soil nutrients; however, traditional sampling methods with fixed interval depths of 20 or 10 cm have generally been applied to test vertical distribution of soil physical and chemical properties, which did not conform to the distribution of plant roots and ignored soil between the sampling positions. Consequently any correlation between plant roots and soil nutrients could not be accurately determined [7] . As the underground organ of terrestrial plants, roots are indispensable for plant survival. Root systems hold the plant upright and absorb water and nutrition for plant growth and development [8] . Unfortunately, there have been very few studies on the relationship between bio-available elements and plant growth, especially the relationships between soil properties and plant roots.
Soil-amending and soil fertility practices such as plant cover systems and organic and inorganic inputs strongly influence all soil components [9] . Optimal soil properties for plant growth vary for various urban landscape species. Therefore, in this paper, four typical green areas in Shanghai-Zhongshan Park, Expo Park, Century Park and Chenshan Botanical Garden-built in different years and located in different areas were selected as sampling zones to study the distribution of soil pH, EC, CI, organic matter (OM), total nitrogen (TN), available phosphorus (P), available potassium (K), available iron (Fe), available manganese (Mn), available zinc (Zn), available copper (Cu), available magnesium (Mg), available sodium (Na) and available sulfur (S). Soil sampling depth was targeted according to the distribution of plant roots within the sampling location, to study the horizontal distribution of soil nutrients in different parks, to discuss the mechanisms of vertical distribution of soil nutrients and to evaluate the effects of soil properties on plant growth.
Materials and Method

Study Area
Shanghai is located at 121˚29' and E 31˚41'N, in the east of China, and has a total area of about 6341 km 2 . Shanghai is one of the most important cultural, commercial, financial, industrial and communication centers in China. The investigation areas included Zhongshan Park, Expo Park, Century Park and Chenshan Botanical Garden. Zhongshan Park was built in 1914 in Changning District with a total area of over 21.42 ha, half of which is for landscape planting. EXPO Park is green land in the city center and was built in 2010. Century Park is the biggest urban park in the inner ring road of Shanghai, situated in Pudong new district and built in 1997. Chenshan Botanical Garden, built in 2007 in Songjiang district, has a total area of 207 ha and highly diverse plant species.
Sampling and Analysis
Soil samples were collected from the four parks on 19-21 April 2011. Sampling depth was according to the distribution of plant roots of the sampling location. Three to four depths were sampled for arbor trees, large and medium shrubs based on the distribution of number of plant roots. Each soil sample consisted of five sub-samples which were collected from the surrounding area of each site. A total of 27 surface soil samples were collected: nine samples from Zhongshan Park, five from EXPO Park, nine from Century Park and four from Chenshan Botanical Garden. In addition, a soil profile was excavated in Zhongshan Park and Century Park. Soil samples were gathered from the profile according to the distribution of plant roots, and total of seven soil samples were collected. Details of the sampling record are presented in Table 1 .
The samples were taken to the laboratory, dried at ambient room temperature and ground to pass a 2-mm sieve before analysis. Half of each sieved soil sample was further ground to pass through a 1-mm mesh screen for the determination of soil moisture coefficient, and others were passed through a 0.149-mm mesh and stored Note: "-" represent that soil profile that was harvested.
in clean polyethylene bags for the determination of soil OM and TN. The 2-mm soil samples were used for the saturated extraction and the determination of elements extracted by AB-DTPA (ammonium bicarbonate-diethylenetriamine pentaacetic acid) method [10] . AB-DTPA is a common "universal soil extractant" and is also used to evaluate the bio-availability of non-essential heavy metals. It is a gentle extractant used to mimic the ability of roots to assimilate minerals.
Soil water content was determined gravimetrically after heating in an oven at 105˚C for 8 h; all results are presented on an oven dry basis. Soil OM was determined using the potassium dichromate oxidation procedure [11] . AB-DTPA extraction was employed to determine the bio-available concentrations of elements K, Cu, Fe, Mn, Zn, Mg, S, Na and P. The analytical determinations in the extracts were made via optical emission spectroscopy using Inductively Coupled Plasma. Soil pH, EC and water extractable chlorine were measured by the saturated extraction method [10] . This method gives the best true estimate of dissolved salts in soil moisture. Soil pH was determined directly on the paste with a pH meter. Soil EC and chlorine were estimated by extracting the liquid phase of the saturation paste under partial vacuum. Soil EC was measured with conductivity meter and chlorine by ion chromatography.
Quality Control
The quality of chemical analysis was validated by repeated measurements of blanks and reference samples. Chemical analyses were repeated until a precision of ±5% and an accuracy of 95% -105% was achieved; while prepared blanks were always below instrumental detection limits.
Results and Discussion
Horizontal Distribution of Soil Properties of Urban Parks
Soil properties of the four urban parks are presented in Table 2 . The soil pH in the different parks was relatively consistent, with mean pH of soils from Zhongshan Park, Expo Park, Century Park and Chenshan Botanical Garden being 7.4, 7.7, 7.5 and 7.6, respectively. Moreover, the coefficients of variation (CVs) of soil pH from the different parks were <5.7%, and therefore slightly alkaline might be the main characteristic of urban park soils in Shanghai, in close agreement with the results of Yang et al. [12] . Previous studies also revealed that the urban soils had a higher pH [13] , with extraneous materials such as bricks and stones included in the soils the primary causative factor [14] .
EC of soils reflects the concentrations of dissolved salts in soil moisture. The EC value of soil samples collected were within the range of 0.3 -3.3 with an average of 1.0 ± 1.3 mS/cm for Zhongshan Park, 0.9 -1.6 with average of 1.2 ± 0.3 mS/cm for Expo Park, 0.4 -1.9 with average of 0.9 ± 0.6 mS/cm for Century Park and 1.1 -2.8 with average of 1.9 ± 0.8 mS/cm for Chenshan Botanical Garden ( Table 2 ). According to the classification system established by Richards summarized (Table 2s-1) [15] , sensitive crops (e.g. bean) can only be grown without yield loss in soils with EC < 2 mS/cm, and so EC value of all soils from Expo Park and Century Park met the standard for sensitive plant growth. However, 20.1% of EC values for soil samples from Zhongshan Park were in the range that adversely affects growth of moderately saline-sensitive plants (2 -4 mS/cm). Of samples from Chenshan Botanical Garden, 40.5% had salinity that exceeded the standard for growth of saline-sensitive plants but met the standard for moderately sensitive plants. Moreover, the CV of EC varied greatly among the parks, indicating heterogeneities of soil [1] . Therefore, plant species should be selected based on soil properties, especially when large amounts of green space areas are constructed.
As the vital aggregating agent, soil OM can influence soil structural formation and maintenance. The amount of soil OM differed among the four parks ( Table 2) , with mean contents in the following order: Chenshan Botanical Garden > Century Park ≈ Zhongshan Park > Expo Park. Compared with the Chinese soil fertility classes (Table 2s -2), 23.8% of soil OM contents from the parks were considered extremely high, 19.0% were high, 23.8% were moderate to high, 28.6% were low to moderate and 4.8% were low. This was similar to a previous study [16] . Although green space soils are covered by vegetation, which would be expected to accumulate OM, management practices such as clearing leaves can lower soil OM contents, a consequence of which is disappearance of fertile topsoil to keep it "neat".
For TN, 28.6% of soil samples were extremely high, 19.0% were high, 33.3% were moderate to high, 9.5% were low to moderate, 4.8% were low and 4.8% were extremely low. The TN contents of soils were significantly correlated with OM, consistent with results of Jim [3] and Yang et al. [12] .
As the two major macro-nutrients for plants, levels of P and K should be studied. The contents of available P and available K in soils were near to those of earlier reports that showed K was more abundant in soil than P [17] . The available Fe, Mn, Zn and Cu of all soil samples were high compared with the established criteria of Soltanpour (Table 2s-3) for which growth is expected to be within 90% of the optimum rate for each nutrient [18] . Thus these parks had sufficient micro-nutrients Fe, Cu, Zn and Mn for plant growth. This may be due to the alluvial soil, which is the main soil type in Shanghai. In addition, the urban soil contamination may also result in increasing of soil Zn and Cu contents. The bio-available concentrations of Fe and Mn increase in soil that is poorly aerated promoting the reduction of Fe and Mn.
The contents of available Na and S also had a large range in CV. Available Na ranged from 10.8 (Zhongshan Park) to 233.1 mg/kg (Century Park), and available S from 7.2 (Zhongshan Park) to 528.0 mg/kg (Chenshan Botanical Garden). The contents of available Na and S in surface soil decreased with the increasing age of parks, which may be ascribed to leaching and application of fertilizer, and this hypothesis will be further tested in following studies.
Vertical Distribution of Soil Properties of Urban Parks
Generally speaking, the mechanisms affecting the vertical distribution of soil nutrients can be classified into at least four major processes: weathering, atmospheric deposition, leaching and biological cycling [19] . Because the effects of plant roots on biological cycling of soil nutrients are large, therefore sampling layers should be defined according to the distribution of plant roots in the sampling position. The vertical distribution of soil nutrients in different distribution layers of plant roots for Zhongshan Park and Century Park are presented in Figure 1 . pH and EC values were clearly enhanced with increased soil depth and OM and TN contents decreased-possibly due to leaching and biological cycling. Leaching moves salt ions downward and increases salinity with increasing soil depth but, in contrast, plant litterfall and application of organic fertilizer or organic modified materials on the soil surface can lead to a shallower distribution of OM and TN. Many studies have reported significant positive correlations between TN and OM contents [12] . This is expected since mature OM generally contains about 5% N.
CI is an easily mobile element in soil and is not likely to constrain plant growth with adequate leaching [20] . This phenomenon was also supported in the present study (Figure 1) , which showed CI concentrations increased with soil depth. Phillips [21] and Tyler et al. [22] also considered that CI concentrations were associated with the soil depth.
Contents of P and K tended to decrease with increased soil depth, which differed to CI, and might be ascribed to the plant cycling and management practices. P and K are not readily mobile in soil and generally remain in the soil profile to which they have been applied. On one hand, it may be generally recognized that P and K are the main nutrients limiting plant growth, and have shallower distributions than nutrients that are less limiting [23] . On the other hand, organic fertilizer or organic modified materials with higher P and K are usually applied to surface soil of green spaces instead of the whole soil profile.
Fe, Mn, Cu and Zn are essential micro-nutrients for plant growth and important for gene expression and biosynthesis of proteins [24] [25] . Available Fe, Mn, Cu and Zn contents tended to decrease with increasing soil depth, which might be controlled by plant cycling and soil pH [23] [25] . Generally, root distribution and maximum rooting depth play an important role in shaping micro-nutrient profiles [23] [26] , because some nutrients absorbed by plants are transported aboveground and recycled to the soil surface by litterfall [27] . Furthermore, Fe, Mn, Cu and Zn are the most bio-available at lower pH, and their cationic forms may be changed to insoluble forms such as hydroxides and oxides in less acidic soil [28] . Therefore, increasing pH with soil depth may be another reason for the lower contents of these micro-nutrients in deeper soil. Another cause of soil acidification is application of fertilizers, and these are applied to the soil surface [29] .
The levels of Mg, Na and S tended to be low in the soil surface, which was in contrast with all other elements. Previous studies indicated that nutrients that are rarely required by plants (such as Na) have shallower distributions in soils [17] . Furthermore, the role of leaching is probably important for available Mg, Na and S because their contents had an increasing trend with soil depth [23] .
Relationship among Soil Chemical Properties
The relationships between nutrient elements and soil properties were studied, and the results are presented in Table 3 . pH values were significantly negatively correlated with OM, TN and available Zn and Cu. The contents of OM, TN and available Cu and Zn decreased dramatically with increasing depth, while pH increased, which might be related to OM, organic residues, applying of organic modified materials and exudation of plant roots [26] . There were also significant positive correlations between OM and TN, available P, available K, available Mn, available Zn and available Mg, which indicated the roles of plant cycling. Nutrients taken up by deep roots would be transported to the soil surface, especially for plants with deeper roots [30] .
EC values were positively and significantly correlated with the content of chlorine and available Mg and S; moreover, the chlorine concentration was positively correlated with available K, Mn, Zn and Na ( Table 3) . These results suggested that there was a significant effect of leaching on vertical distribution of soil nutrient elements, which would deplete them from the topsoil, and accumulate them in deeper layers and produce a peak at the maximum rooting depth [22] .
Conclusions
Urban ecological environments can have a large impact on sustainable economic development, and can be influenced to a large extent by the amount of green space available to the public. Growth of vegetation also has a useful ecological function and is strongly affected by soil quality. Therefore, it is essential that the content of various nutrient elements in soils of green spaces are investigated. The horizontal and vertical distributions of soil nutrients in Zhongshan Park, EXPO Park, Century Park and Chenshan Botanical Garden in Shanghai confirmed that urban soils had a heterogeneous spatial distribution. The CVs of various soil qualities except for pH varied greatly between and even within parks. For example, the mean pH of soils from Zhongshan Park, Expo Park, Century Park and Chenshan Botanical Garden was 7.4, 7.7, 7.5 and 7.6, respectively, and the CVs of soil pH from different parks was <5.7%, indicating a slightly alkaline nature of these urban park soils. pH and EC values increased with increasing soil depth likely due to leaching, and nutrients limiting for plants (such as N, P, K, Fe, Cu and Zn) had more shallow distributions due to absorption by plant roots. However, Mg, Na, S and chlorine decreased possibly due to the contribution of leaching and bio-cycling. 
